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METHODS OF PREVENTING ADHESIONS 
FOLLOWING LAMINECTOMIES AND OTHER SURGICAL PROCEDURES 

FIELD OF THE INVENTION 

This invention relates generally to therapeutic treatments and, in particular, to 
methods of preventing adhesions following surgical procedures. 

BACKGROUND OF THE D^VENTION 
5 Over a half million patients undergo lumbar laminectomies each year. Surgeons 

perform laminectomies to treat herniated lumbar discs, tumors, and spinal stenosis. At 
least five percent of the patients who undergo laminectomy will require additional spinal 
operations. Scar tissue following the first spinal operation makes repeat spinal operations 
are more difficult. The complication rate for repeat lumbar laminectomy is higher. Most 
10 of the increased risks of repeat operations can be attributed to scar tissue. The scar tissue 
increases the likelihood of the surgeon damaging the nerves and the likelihood of the 
patient developing a postoperative spinal fluid leak. Accordingly, any technique capable 
of inhibiting scar formation following such procedures would appeal to patients and 
surgeons. 

15 SUMMARY OF THE INVENTION 

This invention resides in a method of controlling adhesions following a surgical 
procedure by providing a human recombinant phage antibody, and introducing the 
antibody onto or into an area of the body following the procedure to inhibit adhesions, or 
scar formation. Various substances and formulations may be used, including antibodies 
20 to one or more of the following: 

Transforming Growth Factors-Beta (TGF-Beta), 
Platelet Derived Growth Factors (PDGF), 
Insulin-like Growth Factors (IGF), 
Transforming Growth Factor-Alpha (TGF-alpha), 
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Epidermal Growth Factor (EGF), 
Interleukins, 

Leukocyte Derived Growth Factor (LDGF), 
Fibroblastic Growth Factors (FGF), 
5 Vascular EndotheUal Growth Factor (VEGF), 

Heparin-Binding Epidermal Growth Factor (HB-EGF), 
Bone Morphogenetic Proteins (BMP), and 
other cytokines associated with wound healing. 

According to one embodiment, the antibody is used to prevent the formation of 
10 scar tissue following spinal surgery. This may be carried out by placing the antibody 
over the dura lining the spinal nerves and spinal cord. Alternatively, the antibody may be 
used to inhibit adhesions following abdominal surgery, or placed around the great vessels 
following an anterior approach to the spine or other regions. 

Importantly, the antibody may be used to inhibit adhesion formation adjacent to 
15 areas where growth factors are used to stimulate healing. In such instances, the method 
may include adding growth factors to an area of the body where bone or tissue 
regeneration is desired, and using antibodies to the growth factors with respect to areas 
where adhesion prevention is desired. For instance, the growth factors may be introduced 
in conjunction with spinal fusion and bone ingrowth for artificial disc replacement, with 
20 the antibodies to the growth factors being targeted to the dura, nerves, and spinal cord to 
prevent adhesion. 

The invention may further include the step of protecting the growth factors and/or 
the area of the body where stimulated healing is desired from the antibodies to the growth 
factors. This may include, for example, providing the growth factors in a slowly 
25 resorbing gel or polymer, and placing the slowly resorbing gel or polymer over the area 
where healing is desired. The growth factors may also be released slowly into the 
treatment area, by incorporating the growth factors into a hydrogel or other material or 
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device to effectuate slow release. As a further option, other medications or therapeutic 
substances may be added to the antibody(ies) to enhance healing or effectiveness. 

DETAILED DESCRIPTION OF THE DSrVENfTION 
This invention broadly takes advantage of the discovery that antibodies to growth 
5 factors and other substances inhibit adhesion (scar formation). Such antibodies include, 
without limitation, antibodies to Transforming Growth Factors-Beta (TGF-Beta), Platelet 
Derived Growth Factors (PDGF), Insulin-like Growth Factors (IGF), Transforming 
Growth Factor-Alpha (TGF-alpha), Epidermal Growth Factor (EGF), Interleukins, 
Leukocyte Derived Growth Factor (LDGF), Fibroblastic Growth Factors (FGF), Vascular 
10 Endothelial Growth Factor (VEGF), Heparin-Binding Epidermal Growth Factor (HB- 
EGF), Bone Morphogenetic Proteins (BMP), and other cytokines important in wound 
healing. 

In certain embodiments, human recombinant phage antibodies to TGF-Bl and 
TGF-B2, TGF-B3, Mannose-6-phosphate, and transglutaminase inhibitors are 
15 particularly advantageous. The invention may be used in any area of the body and 
following any type of surgical procedure. The preferred embodiments anticipate the use 
of these and similar materials to prevent the formation of scar tissue following spinal 
surgery. Such material would preferably be placed over the dura lining the spinal nerves 
and spinal cord. 

20 According to this invention, the appropriate antibodies may also be used to inhibit 

adhesions, or scar formation, in other areas of the body. For example, they may be used 
to inhibit adhesions following abdominal surgery, placed around the great vessels after an 
anterior approach to the spine, or used to inhibit adhesion formation adjacent to areas 
where growth factors are used to stimulate healing. As such, growth factors may be 

25 added to areas of the spine where bone growth is desired (spinal fusion and bone 
ingrowth Artificial Disc Replacement (ADRs)) while using antibodies to the growth 
factors over areas where adhesion prevention is desired (dura, nerves, spinal cord). 
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Similarly, growth factors could be used to accelerate an intestinal anastomosis while 
antibodies to the growth factors are used to inhibit intra-abdominal adhesions. 

The growth factors, and the area of the body where stimulated healing is desired, 
may be protected from the antibodies to the growth factors. For example, the growth 
5 factors could be incorporated into a slowly resorbing gel or polymer that is placed over 
the area where healing is desired. The growth factors could be slowly released into the 
area as the material is resorbed. Hydrogels may be used for this purpose. Concentrated 
growth factors may also be released into the desired area after the antibodies to the 
growth factors are no longer present or active. 

10 The antibodies and other substances may also be placed into a material that 

slowly releases the antibodies. Composite slow-release devices may be advantageous, 
such as the central portion of a hydrogel device containing growth factors. The outer 
portion of the hydrogel device could contain antibodies to growth factors, allowing the 
device to first release antibodies to growth factors, then release growth factors. Other 

15 medications or therapeutic substances may be added to the hydrogel or a layer of the 
hydrogel, including antibiotics or other medications. Materials other than hydrogels may 
also be used. 

Antibodies to proteases that activate the latent form of TGF-beta could also be 
used to prevent adhesions. Similarly, other materials could be used to render the 

20 proteases inactive. For example, enzymes that deactivate the proteases could be used. 
The ph of the local environment could also be changed to deactivate the proteases. 

The new embodiment is like a composite or three-piece device (like a sandwich). 
The center material acts as an impermeable barrier. For example, the center component 
(meat part of a sandwich) could be made of silatstic. A growth factor eluting component 

25 is used on one side of the barrier and an anti-growth factor eluting component is used on 
the other side of the barrier. Hydrogels could be used to slowly release the antibodies 
and the growth factors. The side of the device that elutes growth factors would be placed 
against the tissues were healing is desired (for example the anastomosis of intestines). 
The opposite side of the device inhibits adhesion formation. The sheet-like device could 
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be placed over tissues like the dura and around tissues like the intestine. The antibodies 
to growth factors could also be released from cardiac stents and other implants. 

Other therapeutic agents could be eluted, particularly from non-cardiac 
embodiments of the invention, include drugs that prevent the adhesion of platelets 
5 (including, but not limited to aspirin, Dipyridamole, Heparin, Coumadin, Protamine, and 
Hirudin), interupt cell reproduction (including, but not limited to Methotrexate, 
Colchicine, Azathioprine, Vincristine, VinBlastine, Fluorouracil, Adiiamycin, and 
Mutamycin), prohibit inflanmiation (including, but not limited to glucocorticoids 
including dexamediasone), or block the receptors for the growth factors. 

10 
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